The isotope shift and hyperfine structure of the optical Sn resonance transition 5p 2 3 p 0 -+ 5p6s 3 P 1 at >..=286.3nm have been studied for 18 Sn nuclei including 2 isomers. Laser induced resonance fluorescence from a collimated atomic beam of tin was observed using a tunable cw dye Iaser .with frequency doubler. The electromagnetic nuclear moments and changes of the mean square charge radii of the nuclear charge distributions were determined. The results are discussed with respect to the information they provide on the nuclear structure of the nuclei investigated; they are compared with various theoretical models. 
I. I ntroduction
The energies of atomic transitions, in particular those associated with s electrons, alter slightly with the neutron number of the atomic nucleus. This isotope shift arises from the difference of the nuclear masses of the isotopes and from the difference of the nuclear Coulomb field experienced by the atomic electrons involved in the transition. The latter contribution, historically referred to as volume effect, 1 is due to isotopic differences of the nuclear charge distributions of which the mean square eh arge radius <r 2 > enters into the volume effect calculation.
Effects of nuclear polarization associated with the interaction between atomic and nuclear states also give rise to isotope shifts, but this contribution is expected to be so small that it can be ignored for transitions of normal atoms. 2 In addition, the interaction of the nuclear magnetism and of nonspherical components of the nuclear charge distribution with the atomic electrons Iead to the weil known hyperfine splitting of atomic lines.
Studies of these nuclear effects observed in atomic transitions are an important source of nuclear structure information, in particular about the systematics of nuclear charge radii and electromagnetic moments in long isotopic series. The renewed interest 3 -5 in nuclear structure investigations of this kind originates from the progress of experimental techniques, mainly due to the application of Iaser spectroscopic methods 6 which give enhanced resolution, improved accuracy and higher sensitivity.
In parallel, refined theoretical descriptions of the experimental findings have been developed on the basis of macroscopic 7 -9 and microscopic 10 -13 structure models accounting even for details in the trend of the nuclear eh arge radii. The observed trends are globally fairly weil desribed by the droplet model, 7 recently extended by the inclusion of deformation effects 14 which are clearly required by the experimental data (see Ref. 15 ), e. g. revealing the onset of deformation in new nuclidic regions far from stability. 16 In the neighborhood of magic nuclei (as, e.g., lead 17 ' 18 ) , where effects of static or dynamic deformations are of reduced importance, there are features (and accordingly deviations from the droplet model) which originate from the specific shell structure 18 20 ' 12 and may shed some light on pairing interactions. 13 The present paper reports on Iaser spectroscopic measurements of the isotope shift and the hyperfine splitting in the 5p 2 3 P 0 -+ 5p6s 3 P 1 resonance transition at A. =286 of Ca the polarization of the proton core is manifested by a rather peculiar variation of the charge radii, 2 5 showing decreasing values of the mean square charge radii <r 2 > h when 48 ca is approached. The c arge corresponding 132 sn is inaccessible by present Iaser spectroscopic methods. From the point of view of the single particle model, however, a subshell closure is expected at N=64. Effects of such subshell closure are also reported for the charge radii of the neighboring element Cd. 2 6 
II. Experimental arrr·angement
The experimental method applied is laser-induced fluorescence spectroscopy, · i .e. free tin atoms, obtained by vacuum evaporation of elementary tin samples, are irradiated with resonant Iaser light to excite them (see Fig. 1 The experimental setup has been described elsewhere, 17 we therefore restriet the description mainly to special features and alterations that were introduced for the tin experiments.
The evaporation of the tin samples required temperatures of about 2100· K which are much higher than those used previously in the apparatus. This temperature is considerably higher than that one required for evaporation of bulk tin. The reason possibly is that the samples are so small that the tin atoms are spread over the crucible in low concentration which seems to bind them more strongly to its surface. Therefore a new heater of the electron bombardment type was developed. The anode is a vertically mounted tube made of high purity graphite. The crucibles are made of spectroscopically pure graphite so that practically no tin was detected with an empty crucible heated in the oven. The fluorescence detector was carefully shielded so that the stray light from the hot oven was reduced to a tolerable amount of 50 Hz count rate at operating conditions. lt was of particular importance to construct the oven for long service intervals since it required a special handling procedure to repair it because of the radioactive contamination after use. GHz filter to the desired sideband the sidebands are marked by a frequency modulation (4 MHz width at a speed of several kHz) applied to the modulating rf. 3 1 The filter lock utilizes a phase sensitive detection scheme which allows to distinguish (i) the unmodulated carrier from the modl!lated side frequencies and ( ii) the two sidebands from each other since their frequency modulation is opposite in phase.
For the highly accurate measurements of stable isotopes, however, the extra 2 GHz filter was not used to reduce the complexity of the system. The coincidences were avoided in this operating mode by choosing the rf tuning ranges appropriately; this can be accomplished making use of the dispersion of the gas inside the reference etalon housing by changing its pressure slightly.
III. Sampie preparation
The samples of different isotopes were supplied in different ways. 113 sn could be purchased since it is a relatively long-lived isotope. 
IV. Measurements
The experiments were done in two steps: First a resonance search for a new isotope was performed which gave a coarse value of the component positions; the internal Iaser scanning mode was used for these records. ------------------------------------------------------------------- all independent results lie with in an interval of ±100 kHz but are sometimes statistically not consistent. We therefore quote in these cases a conservative error of ±150 kHz which is ±0.3 % of the observed Jinewidth.
The problems associated with measurements to such small fractions of the linewidth and the non-statistical errors of unknown origin found in several other examples will be discussed in a forthcoming paper. 3 0 For the stable tin isotopes the present optical transition has been measured before with similar methods. The details will be given elsewhere.
3 0 lt should be noted, however, that the discrepancies with Ref. 22 are far beyond the range where they are relevant with respect to the nuclear quantities to be extracted.
V. Results and discussion
From the results of the measurements given in Table I isotopic 
we follow the procedure of Ref. 22 The resulting o<r 2 > values are given in Table  and their variation with A is displayed in Fig. 3 . The quoted errors mainly arise from the uncertainty of the calibration value o<r 2 > 124 , 116 . isotopes. 2 6 In fact, microscopic nuclear structure calculations 11 on the basis of the Hartree-Fock-Bogolyubov (HFB) theory do predict such a dip, however shifted by one unit on the mass scale. This discrepancy is unexplained at present.
The finest detail in the observed variation of <r 2 > is the distinct oddeven staggering. This is traditionally represented by the parameter r defined as: (3) which can be expressed more directly by the more accurate shifts övA',A Table I .
For some considerations an absolute measure of the staggering is more appropriate, 3 5 namely the quantity (5) which is plotted in Fig.5 ; it exhibits the different behaviour of the even and odd Sn isotopes quite clearly.
For the odd isotopes and the isomers the splitting constants A and B for the inagnetic dipole and electric quadrupole hyperfine interaction have been determined. They are given in Table II . From A the nuclear · magnetic dipole moments J.ll were calculated using the weil known magnetic moments ~f 115 , 117 , 119 sn.
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The errors given for the unstable isotopes do not include a possible hyperfine anomaly since it is below 5•10-5 for the odd stable isotopes as results from a comparison with a precise g 1 ratio determination 38 • The same has been found in two states of another electron configuration of tin. Table II are calculated with this relation.
A discussion of the spectroscopic quadrupole moments in terms of the and I BFM-2 4 5 models, showing interesting nuclear structure aspects of the nuclear radius variation.
The main result of our present investigations is a set of precise experimental data on stable and radioactive Sn nuclides, which may serve as basis of a. detailed theoretical discussion in the framework of an advanced nuclear structure model. The observed trend in the Sn charge radii seems to be less affected by deformation effects (this is supported by the experimental quadrupole moments), however we observed irregularities associated with more detailed shell effects (subshell closure at N = 64) ·Or a distinct odd-even staggering for which a quantitative microscopic explanation is missing up to now.
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